SUPERCONDUCTING CAVITIESFOR THE APT ACCELERATOR

FrankL. Krawczyk, RobertC. GentzlingeyBrian Haynes,
Debbiel. Montoya, Brian Rusnak Alan H. Shapiro,
LANL, LANSCE-1,MS H817,Los Alamos,NM 87545,USA

Abstract

Thedesignof an AcceleratoProductionof Tritium (APT)
facility being investigatedat Los Alamos includesa lin-
ear acceleratorusing superconductingf-cavities for the
acceleratiorof a high-currentcw protonbeam. For elec-
tronacceleratorsvith particlesmoving atthe speedf light
(8 =~ 1.0), resonatorsvith a roundedshape consistingof
ellipsoidal and cylindrical sections,are well established.
They arereferredto as“elliptical” cavities. For the APT-
design this shapehasbeenadaptedor muchslower proton
beamawith g rangingfrom 0.60to 0.94. Thisis anew en-
ergy range,in which resonatorf an elliptical type have
never beenusedbefore. Simulationswith the well-proven
electromagnetienodelingtools MAFIA andSUPERFISH
were performed. The structureshave beenoptimizedfor
their rf andmechanicapropertiesaswell asfor beamdy-
namicsrequirements. The TRAK_RF simulationcodeis
usedto investigatepotential multipactingin thesestruc-
tures.All thesimulationswill beputto afinal testin exper
imentsperformedon singlecell cavitiesthathave startedn
our structuredaboratory

1 THECAVITY SHAPE

Superconducting-cell cavities at a m-modefrequeng of
700MHz will beusedfor themajorpartof the APT facility.
Dueto thelarge velocity acceptancef thesecavities only
structuredor two valuesof 8 (0.64 and0.82) are needed
[1]. For eachvalueof 3 two differentcross-sectionkave
beendeterminedpnefor themid-cellsandonefor theend-
cells,wherecompensatioffior field penetratiorinto the at-
tachedbeam-pipds required. The choiceof cavity shape
madeuseof previous designexperienceat otherlabs, in-
cluding Cornell, KEK andDESY [2]. Figurel shows the
shapeadescriptionfor the chosergeometriesThe shapeof
both the medium# (0.64) and the high-3 (0.82) cavities
useselliptically shapecdhosesstraightsidewalls anda cir-
culardome. The uprightnoseellipseshave an aspectatio
of 2:1.

In a first step the shapesof the resonatorswere de-
terminedto minimize electricand magneticpeaksurface
fieldsasfaraspossible.Theresultingcavity shapesurned
out to lack sufficient mechanicalstability. The medium-
B structureneededstiffener supportto sustainthe vac-
uum load without yielding the material. Encouragecdy
recentcavity testsat JAERI for a 8 = 0.5 superconduct-
ing cavity at500 MHZz[3], we revisitedthe proposectavity
shapesandcameup with animproveddesignthathadless
steepstraightwalls while maintaininggood performance
in termsof rf properties. Table 1 givesthe relevant geo-
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Figurel: Thedescribingparameterfor theelliptical cavity
shapes

metric parametergor all 4 shapes.The designprocedure
usedfixed beam-pipeapertureshasedon beam-dynamics
requirementsand fixed straightwall slopes(5 and 7 de-
greesin the first designand 10 degreesfor both 3 values
in thefinal design).Theelliptical nosesverevariedto find
shapewith goodpeak-fields.The equatoradiushasbeen
usedto tunethe cavities to the properfrequeng. All other
parametersell into placeautomaticallyassumingsmooth
transitionshetweerthe differentpartsof the cavity shapes.

Jé] 0.64 | 0.64 | 0.82 | 0.82
cell-type mid end mid end

aperture[cm] 6.5 6.5 8.0 8.0

equator[cm] 19.95| 19.95|| 20.1 | 20.1
majoraxis[cm] | 10.00| 12.00 || 14.00| 17.80
slope[dgree] | 10.00| 10.00 || 10.00| 10.00
dome[cm] 3.233| 2.811 || 4.969 | 4.167
cell-length[cm] | 13.71| 13.71|| 17.56 | 17.56

Theend-cellgeometriesiseinnerhalf-cellsidenticalto the
mid-cells. The outerhalf-cell usesan equatoradiusanda
cell lengthidenticalto the mid-cells,andtheelliptical nose
andthe circular domeradii have beenusedto retunethe
cell to thedesired700MHz.

The simulationshave beendoneon singlecavity cells, us-
ing m-mode boundaryconditionsat iris positionswhere
neighboringcells exist. This wassufficientandmore effi-

cientin optimizingthecellsfor theacceleratingnode.An

investigationof the higher order mode (HOM) spectrum
hasbeendonefor the full 5-cell geometry Theseresults
will bereportedn a separateontribution [4].



2 PERFORMANCE DATA

The electromagnetidesignof the cavity-cells has been
domewith MAFIA [5] andSUPERFISH6]. Fromtheelec-
tromagneticfields, a setof secondarnyquantitieshasbeen
derivedthatdescribetherf performancef thesestructures
andtheir interactionwith thebeam.Table2 givesthenum-
bersfor the mostimportantquantitiesin a comparisorof
the mid-cells of the original designwith the new shapes
with largerside-wall slope.

B8 0.64| 0.64| 0.82| 0.82
nev | old || new | old
Qo [10'7] 1.02| 1.08| 1.34| 1.35
GeometryFactor 162 | 177 || 213 | 215
ZT?/Q [Q/m] 246 | 256 || 297 | 299
E,/E, 294|296 | 2.48| 2.50
H,/E,[G/5MV/m] | 355 | 340 || 305 | 303
Peoy [W] 8.13| 7.32| 9.25| 9.16

Theunloaded), assumesa surfaceresistancéR;) of 15.9
nQ, ZT?/Q is theratio of effective shunt-impedancand
Qo, Ep/E, and Hy,, / E, give theratio of peaksurface-
fields over acceleratinggradient(E,=EyT). P.,, is the
power dissipatednto the cavity by theacceleratingnode.
Thesepower valuereflectthe dissipatedphower to achieve
the averageacceleratinggradient(5.16 MV/m at 3=0.64
and5.92 MV/m at 3=0.82) for the TM010 7m-mode. The
transittime factor (T) for a particle with the designg is
0.78for all mid-cells.

In termsof therf-parametershereis only asmalldifference
in performancdetweerbothdesigns. Themajordriverfor
switchingto the new shapess the potentialgainin struc-
tural stability. The increaseof power depositedinto the
mediumy cavities by 10 % doesnot have a significantef-
fect, sincemostof the acceleratoconsistf high-3 struc-
tures.Theresultsfor theend-cellsareverysimilar, theonly
majordifferencebeingthetransittime factorsthatareonly
0.59for the end-cells. This dropis partially compensated
by aincreasen Ey, sothatEyT is only about10% smaller
thanfor themid-cells.

3 STRUCTURAL ANALYSIS

Somepreliminarystructuralanalysishasbeendoneon 2D
modelsof the cavity shape$7]. Theshapesvith the10de-
greeslopesin the side-walls seemto be structurallymore
stable.Both shapesanwithstandthe vacuumloadswith-
out stiffening. The otherconsideratiorin applyingstiffen-
ershasto do with raising the resonanfrequencieof the
cavity mechanicamodesto decreas¢he microphonicde-
tuning sensitvity in operation. Thesestudiesare continu-
ing. Evenif thesestudiedndicatethatstiffenersareneeded,
they canprobablybelesscomplex thanthe conicalstiffen-
ersusedfor ourfirst single-celltestcavity with theoriginal
steepeislopedside-walls.

The choicefor a 10-degreeslopecamefrom the prelimi-
nary 2D structuralanalysis.The mediums cavity shoved

a clear minimum in von-Misesstressedor a shapewith

a straightwall slopearound10 degrees(with and with-

out constrainedris). For the high-8 cavity this minimum
wasnotsoclear, in factevenlargerinclinationsshavedthe
samesstressesasthe 10 degreeslopedid. But, for these
largerinclinationstherf performancealeterioratectrongly

The peaksurfacemagnetidfieldsalsoincreasedsodid the
frequeng sensitvity with radiusvariations.

4 MULTIPACTING

Anotherconcernis the potentialfor multipactingin these
elliptical structures. So far experimentalresultsfor cavi-

tieswith 8 =~ 0.85 at Cornelland SACLAY[8], aswell as
theabove mentionedesultfrom JAERI, indicatethatthere
shouldbe no principal problemfor suchgeometries A fi-

nalresolutionof themultipactingaspectvill comefrom the
laboratorytestson single-cell structuresthat is presently
underway in Los Alamos. To supportthe experimental
work, thereis a numericalstudy underway at the Uni-

versity of New Mexico [9]. The TRAK_RF codeis being
usedto investigatahe single-cellgeometrie®f bothcavity

shapegor multipactingsusceptibility First simulationsin-

dicatepossiblemultipactingfor valuesof E, betweern2.8
and4.5MV/m.

5 SINGLE CELL CAVITY TEST

Figure 2: The tested(3=0.64 single-cellcavity with stiff-
ener

In the LANL superconductingtructuredaboratorywe
have completedassemblyof the equipmentfor a vertical
testof superconductingavities at 700 MHz undermoder
aterf powerwithoutbeam.We arepresentlytestingasingle
cell cavity at 8 = 0.64 with theend-cellshapeof theorigi-
nal choiceof geometry Thisis seerasa meaningfultestof
the operabilityof cavities asproposedor the APT facility,
sinceit will provide dataonthepresencef multipactingin
themedium43 structuresandit will alsoprovide somefield
performancedata. The end-cellgeometryof a multi-cell
cavity is morecritical in determiningperformanceThisis
dueto a) thewider elliptical nosethatbringsthe opposing
cavity walls closertogetherthanin the mid-cells, and b)
the steepeirslopedside-walls resultin opposingwalls that
are closerto parallelwalls, which increaseghe potential
for two-pointmultipacting. The cavity usesniobiumwith a
RRR=250andmaterialof athicknesf 1/8”". Thesespec-



ificationsareidenticalto the onesfor the plannedaccelera-
tor facility.
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